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A vegetation survey was carried out at the Karoo National Botanic Garden (154 ha) which is situated::':: 2 km 
north of Worcester between the flats of the Breede River Valley and the Cape fold mountains of the Hex River 
Mountains. The area consists of low hills of Malmesbury shale ranging in altitude from 300 to 526 m and may be 
classed as semi-arid with rainfall occurring mainly in winter. A check-list of the flora of the reserve has been 
completed over a number of years and the vegetation was classified by means of the Braun-Blanquet method 
mainly in the summer of 19760. Seven plant communities were determined with differing floristic and environ-
mental characteristics. Plots from each of these communities were viewed in winter and spring of 1988 to gain 
insight into annual, geophyte and moss cover. 
'n Plantopname is in die Karoo-Nasionale Botaniese Tuin (154 ha), wat ::':: 2 km noord van Worcester, tussen 
die vlaktes van die Breederiviervallei en die Kaapse bergvoue van die Hexrivierberge gelee is, gemaak. Die 
area bestaan uit lae heuwels van Malmesbury-skalie met 'n varierende hoogte tussen 300 en 526 m en kan as 
semi-aried, met hoofsaaklik 'n winterreenval, geklassifiseer word. 'n Kontrolelys van die flora van die reservaat 
isoor 'n aantal jare voltooi. Gedurende die somer van 197607 is hoofsaaklik van die Braun-Blanquet-metode 
gebruik gemaak om die plantegroei te klassifiseer. Sewe plantgemeenskappe wat verskil in floristiese- sowel 
as omgewingseienskappe is uitgeken. Persele van elk van hierdie gemeenskappe was gedurende die winter en 
lente van 1988 bekyk om sodoende insig oor die eenjarige spesies, geofiete en mosse in die plantegroei te 
verkry. 
Keywords: Braun-Blanquet, Karoo, succulents, vegetation, Worcester 
*To whom correspondenceshould be addressed 
Introduction 
The compilation of a species list of the flowering plants and 
ferns in the reserve of the Karoo National Botanic Garden 
started with the first specimens collected in 1948. A 
vegetation survey carried out during December 1976 and 
January 1977, extended this list to 294 species. The aim of 
this study was to investigate the composition and structure of 
the vegetation, and to map the distribution of the major plant 
communities. The relationships among these communities 
were also considered, as well as the corresponding physical 
environmental factors, in an attempt to explain the vegetation 
changes. Starting from the time of the vegetation survey an 
effort was made to extend the check list and to map the distri-
butions, especially of the less common species in the reserve. 
As the survey was carried out in the dry winter months when 
only perennial plants were visible, further sampling was 
carried out in July and September 1988 to gain some insight 
into the distribution of annuals and geophytes among the 
communities. 
Study area 
The Karoo National Botanic Garden is situated about 2 km 
north of Worcester in grid 3319CB. 
Topography 
Altitudes in the reserve range from 300 to 526 m above sea-
level, the low hills forming part of the foothills between the 
Breede River Valley flats and the high Hex River mountain 
range. The reserve consists basically of a flat southern portion 
which extends up into a long deep valley. To the northern, 
western and eastern sides are steep slopes which rise up to 
rocky peaks. To the north the land slopes gradually, whereas 
to the east there is a sharp ridge above the next valley. 
As a result of this complex topography there is a consider-
able variation in altitude, aspect and slope forming a number 
of different habitats and microclimates. 
Much of the lower flat area has been developed as a 
botanical garden, which was established in 1946, for the 
display of indigenous plants mainly from the Winter Rainfall 
Karoo. 
Geology 
Parent material is Malmesbury Group Shale, and the derived 
soil has a high percentage of clay particles. There is a certain 
amount of quartz in the form of vertical bands in the shale, so 
this material in combination with clay and organic matter 
forms a loam or sandy-loam soil. Below the shale layer there 
may be a layer of limestone of varying depths (Joubert 1968). 
The Malmesbury shale is variously weathered, from partly 
weathered rocky outcrops and tops of 'koppies' to a more 
weathered gravel and shale chips on the steep screes, and a 
very well broken down alluvial soil in the valley bottom. This 
material appears to accumulate at the bottom of steep slopes, 
in gulleys etc. as the slopes are well drained and soil tends to 
wash away almost as fast as it is formed, leaving shallow soil 
or exposed bedrock on the steep slopes. There may also be 
some removal of soil by the wind, particularly on exposed 
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Figure 1 Climate diagram for the Karoo National Botanic 
Garden Reserve. 
'koppies' where there is some evidence of erosion by wind-
bomesand. 
Climate 
Annual rainfall, temperature and evaporation rate are shown 
N 
I 
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in Table 2. 
The climate of this region is harsh due to high summer 
temperatures, low precipitation, drying action of the winds 
and long hours of sunlight. As a result the vegetation 
comprises hardy or adapted forms such as resistant 
Asteraceae or water-storing succulent plants. 
The rainfall in this region is low. This is because the region 
lies in a rain-shadow caused by the surrounding mountains --
the Sonderend, Wemmershoek, Du Toits, Slanghoek, Hex 
and Witzenberg Mountains. The highest rainfall (61 mm) 
occurs in August, whereas no rain falls during the period 
December to Feburary. 
The temperatures of this area are extreme and show a 
marked daily and seasonal fluctuation. Average monthly 
temperatures range from a minimum of 5.7°C in June to a 
maximum of 34.5°C in February. 
Wind is a very important factor as it blows all year, often 
for many days in succession, and may be very strong. It 
varies seasonally from mainly north-west in winter to south-
east in summer. 
The high summer temperatures and long hours of sunlight 
increase the water shortage experienced by the plants. The 
temperature exceeds the rainfall for most of the year causing 
this water shortage (Figure 1). The evaporation loss by the 
plants is far in excess of the rainfall experienced (Table 2). 
The air humidity is decreased by the high temperatures and 
long sunlight hours so the drying capacity of the air is 
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Figure 2 Distribution of plant communities in the Karoo National Botanic Garden Reserve. 
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Table 1 Soils analysed by the laboratories of the Winter Rainfall Region, Dept. of the Agricultural Technological 
Dept. 
Cations - NH Cl Cations - Soil extract 
Communities Plot no. pH (KCl) R (ohms) P (dpm) K (dpm) % clay Soil type % organic Ca Mg K+ Na Ca Mg K+ Na Free limes 
Po 
Er 
Sj 
Eu 
Em 
Pp 
11 
49 
31 
44 
27 
72 
33 
58 
14 
56 
35 
15 
24 
69 
30 
30 
46 
46 
37 
37 
54 
28 
2 
2 
2 
2 
18 
18 
12 
20 
62 
62 
71 
71 
21 
4 
5 
9 
68 
53 
53 
57 
3 
66 
7 
6 
19 
13 
8 
4.0 
4.7 
4.4 
4.5 
3.3 
5.5 
3.8 
4.1 
6.4 
4.8 
4.3 
4.0 
4.2 
4.6 
6.2 
7.5 
7.3 
8.1 
6.0 
6.5 
5.8 
6.3 
7.2 
7.7 
7.9 
8.0 
7.0 
7.5 
7.7 
4.5 
7.2 
7.7 
7.6 
7.3 
6.4 
5.6 
6.1 
4.4 
5.1 
4.7 
5.4 
4.9 
3.6 
4.0 
3.9 
4.2 
5.3 
4.8 
5.7 
820 
370 
100 
786 
831 
1155 
473 
959 
1029 
1799 
871 
317 
901 
1502 
163 
86 
173 
132 
566 
959 
1155 
190 
511 
237 
67 
6 
219 
219 
219 
508 
225 
231 
282 
196 
300 
1389 
1133 
548 
1213 
294 
369 
1572 
254 
1036 
205 
294 
1456 
404 
762 
20 
138 
126 
61 
88 
57 
28 
33 
24 
27 
53 
53 
31 
32 
226 
252 
293 
193 
143 
88 
31 
175 
111 
106 
79 
87 
223 
181 
134 
31 
185 
113 
135 
30 
96 
33 
34 
148 
20 
118 
130 
17 
40 
24 
21 
15 
22 
30 
74 
54 
251 
189 
189 
76 
118 
43 
157 
318 
121 
108 
97 
124 
65 
2 sand loam 4.0 
3 loam 12.8 
9 org mat 19.2 
2 org mat 15.2 
5 clay loam 4.0 
4 loam 7.8 
5 loam 5.1 
4 loam 9.9 
5 loam 5.0 
7 loam clay 6.7 
3 sand loam 
3 sand loam 
4 loam 
5 clay loam 
8.2 
7.3 
6.0 
9 org mat 51.1 
0.52 0.49 0.13 0.42 
6.29 6.04 0.61 0.82 
0.89 2.41 0.21 0.2 
8.76 4.52 0.24 0.29 
2.58 2.67 0.11 0.28 
3.47 4.40 0.44 0.54 
8.84 1.81 0.76 0.32 
5.84 2.55 0.34 0.19 
2.71 4.93 0.24 1.35 
2.73 3.58 0.37 0.30 
6.51 3.64 0.16 0.42 
0.22 0.76 0.02 0.18 
1235 
690 2 sand loam 17.3 2.42 5.07 0.35 0.13 Free lime 
9 org mat 57.1 1165 
716 
266 
270 
238 
668 
3 sand loam 11.1 1.03 2.01 0.25 0.58 Free lime 
1 org mat 20.3 
6 clay-loam 7.0 15.10 5.14 0.64 0.10 
6 silt-loam 6.1 9.36 3.21 0.58 0.28 
2 org mat 29.8 
326 
72 
38 
47 
7 clay loam 9.0 19.21 4.40 0.84 0.39 Free lime 
7 loam-clay 6.3 
7 clay loam 12.1 
7 clay loam 8.9 
496 org mat 31.3 
309 4 loam 13.1 
299 5 loam 10.8 
114 6 clay loam 9.2 
558 9 org mat 35.5 
367 4 loam 15.9 
654 9 org mat 29.3 
285 4 loam 9.7 
412 4 loam 13.6 
5.94 4.11 0.30 0.56 
0.59 0.51 0.00 0.29 Free lime 
1.16 2.14 0.00 1.67 Free lime 
0.95 2.50 0.00 2.49 Free lime 
1.56 1.23 0.05 0.2 Free lime 
1.25 1.27 0.06 0.3 Free lime 
1.01 0.82 0.06 0.20 Free lime 
Free lime 
0.94 1.13 0.05 0.37 Free loam 
0.67 0.61 0.10 0.35 Freelime 
167 7 sand loam 3.9 6.36 2.14 0.35 0.14 Free lime 
209 6 clay loam 5.2 6.01 3.23 0.41 0.14 
168 2 orgmat 17.2 
139 7 silt-day 4.5 4.8 3.08 0.33 0.28 
281 6 clay loam 10.8 0.25 0.69 0.06 0.19 
690 9 org mat 56.6 
109 7 clay 5.7 6.39 2.16 0.28 0.14 
84 
162 
91 
136 
79 
141 
177 
3 loam 7.2 0.17 1.07 0.02 0.18 
6 clay loam 5.4 2.84 3.29 0.43 0.38 
4 loam 7.3 0.15 1.55 0.03 0.32 
7 loam clay 5.1 0.08 0.62 0.02 0.36 
7 loam clay 4.6 7.17 2.49 0.19 0.16 
6 clay loam 5.0 2.15 3.70 0.33 0.54 
4 loam 8.0 12.91 2.63 0.44 0.21 
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Table 1 Continued 
Cations - NH CI Cations - Soil extract 
Communities Plot no. pH (KCI) R (ohms) P (dpm) K (dpm) % clay Soil type % organic Ca Mg K+ Na Ca Mg K+ Na Free limes 
Am 23 
63 
25 
32 
64 
3.8 
4.1 
5 .1 
4.3 
5.5 
762 84 85 3 sand loam 5.6 2.97 3.72 0.20 0.17 
1152 81 112 2 sand loam 8.1 2.66 4.32 0.35 0.40 
1364 13 135 7 clay 3.2 3.67 1.60 0.27 0.17 
282 213 108 3 sand loam 9.9 3.61 5.47 0.25 0.45 
% Clay 
1 = 1-10% 
2 = 10-15% 
3 = 15-20% 
4 = 20-25% 
5 = 25-30% 
6 = 30-40% 
7 = 40-50% 
8 = 50+ 
9 = organic material 
121 27 
Communities 
PoPasserina oblusifolia 
65 
Er Elylropappus rhinocerolis 
Sj Senecio junceus 
Eu Euclea undulala 
Em Euphorbia maurilanica 
Pp Pleronia paniculala 
Am Aloe microsligma 
6 
increased with the result that the eV,aporation rate and hence 
the transpiration rate is raised. Wind causes a further increase 
in transpiration rate as it removes the moist boundary layer 
causing a greater diffusion gradient. Table 2 shows highest 
temperatures, lowest rainfall and highest evaporation rate 
during summer, so this is when the plants experience the 
greatest stress. 
Human impact 
Since 1946 no grazing by domestic stock has occurred and 
the main disturbance to the veld has been due to use by 
loam 6.3 0.95 3.52 0.01 1.05 
humans. Rough tracks for vehicle access were constructed to 
the upper and eastern ends to facilitate movement in case of 
emergencies and footpaths were made for the convenience of 
visitors to the reserve. In the lower part of the reserve 
considerable disturbance has been caused due to extensive 
cultivation and the formation of small dams to collect run-off. 
Many exotic weeds have been introduced as a result of 
cultivation and several of these have spread to disturbed areas 
in the reserve. A small quarry in a valley in the centre of the 
reserve was used for the extraction of shale rock for garden 
construction. 
Table 2 Climatic data for the Worcester area for 1988 
Average monthly 
temperatures COC) 
Average monthly for Worcester Average daily 
rainfall (mm) Botanic Garden evaporation (mm) 
for Worcester for Worcester 
Month Botanic Garden Max, Min. Average Veld Reserve 
January 0 32.4 16.0 24.2 13 .1 
February 0 34.5 18.6 26.5 12.4 
March 6.5 29.5 16.3 22.9 7.9 
April 51.0 22.6 12.0 17.3 4.8 
May 14.0 22.1 10.9 16.5 4.1 
June 40.0 17.3 5.7 11.5 2.7 
July 11.0 17.4 6.5 12.0 2.7 
August 61.5 20.2 8.6 14.4 2.0 
September 41.5 20.6 8.8 14.7 4.9 
October 12.0 23.6 10.1 16.9 7.1 
November 3.0 27.2 12.6 19.9 9.9 
December 0 32.0 14.2 23.1 10.3 
Total 240mm 81.9mm 
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Materials and Methods 
A checklist of the flora was drawn up from specimens of 
various collectors since 1948. Collecting was intensified from 
the time of the vegetation survey and has continued to the 
present day (Appendix 1). 
The field work for the vegetation survey was carried out in 
the summer when only perennial plants were readily 
available for study, so the main emphasis was laid on, and 
communities determined by perennial plants. Fifty-two 
species were recorded for the Braun-Blanquet table and a 
further 34 species were noted in the plots as being rare or of 
less than 1 % abundance. 
Plant species were initially identified by the staff of the 
Compton Herbarium at Kirstenbosch, the Karoo National 
Botanic Garden herbarium and collecting done by Mr P.A.B. 
van Breda and Dr M. Olivier at the Worcester Veld Reserve. 
Names were updated according to recent revisions or by 
specialists in particular genera. 
Initially plant communities were identified in the field by 
dominant species, combinations of species and growth form, 
and by interpretation of aerial photographs. As the vegetation 
is 'patchy' and the scale of the pattern small, a series of 
random representative plots were taken covering the whole 
garden. The plot size used was 5 m x 5 m as the vegetation is 
diverse and short and shrubby. Seventy-three plots were 
taken, with a minimum of seven plots in each of the commu-
nities recognized initially. 
Values for cover abundance were allocated according to a 
modified form of the Braun-Blanquet scale: 
r very rare, negligible cover 
+ present, not abundant, less than 1 % cover 
1 numerous, less than 1 % cover 
2 very numerous (small) less than 5% cover 
3 5-15% cover independent of abundance 
4 15-25% cover independent of abundance 
5 25-50%coverindependentofabundance 
6 50-75% cover independent of abundance 
7 75-100%coverindependentofabundance 
Vegetation, environmental and site data were recorded on 
field data sheets which were then processed according to the 
Braun-Blanquet Table technique as described by Kuchler 
(1967) and Mueller-Dombois & Ellenberg (1974). This 
resulted in the basic communities recognized by diagnostic 
species as shown in Table 4. Other species that occurred 
infrequently were listed below together with the plots in 
which they occurred and their cover-abundance values. 
Diagnostic species from Table 4 were used to recognize 
communities in the field for mapping purposes. These were 
used for drawing a vegetation map. Community descriptions 
were prepared from Table 4 and Figure 2. 
At most of the sample sites soil samples were taken and 
these were analysed by the Department of Agriculture, 
Winter Rainfall Region. 
Results and Discussion 
Soil analysis 
The results of the soil analysis are given in Table l. The soil 
pH values in the garden are very variable and changes occur 
over very short distances. This may be seen in Table 1 where 
samples 51 and 55 were taken 10 m apart and had pH values 
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of 7.7 and 3.3 respectively. The soils range from strongly 
acidic (3.3) to weakly alkaline (8.1). 
The organic matter content is variable (3.2-l7.3%) (Table 
1). The soils of the steep and exposed areas have little organic 
material, whereas sheltered valleys and bottoms of slopes 
have more due to accumulation. 
The soil throughout most of the garden is very shallow 
(less than 50 mm) and bedrock is exposed for a large part of 
the area - up to 70% - particularly on the tops of 'koppies' 
and on north and north-west facing slopes (Table 4). 
Vegetation 
Present information indicates that for the ferns and flowering 
plants 62 families and 211 genera are represented with a total 
of 389 species. Of these 29 are introduced weeds, most of 
which occur mainly in the cultivated areas or disturbed parts 
near to cultivation. A synopsis of the main families is shown 
in Table 3. 
The vegetation forms an intermediate between the Karoo -
Renosterveld vegetation type found on the Breede River flats 
and the Fynbos found higher up the mountains. As a result it 
contains elements of both, as well as those species typical of 
the ecotone, e.g. Dodonea angustifolia. 
The reserve falls within the Succulent Karoo Biome of 
Rutherford & Westfall (1986), which corresponds to the 
Winter Rainfall Karoo. According to their report, the 
vegetation of this biome is dominated by chamaephytes 
which are often succulent, and therophytes and geophytes are 
also common. Graminoid hemicryptophytes and phanero-
phytes are generally rare. Acocks (1953) classifies this region 
as part of the Little Karoo which he classes as Karoo Broken 
Veld (Veldtype 26). It falls within one of the three variations 
of this Veldtype in which he mentions the presence of 
numerous succulents. 
This is a fairly heterogenous, sparse, low, scrubby Karroid 
vegetation, which is usually less than l.5 m high except for 
the widely scattered trees which are up to 3 m. The canopy 
cover averages 65% but ranges from 37% to 90% under 
different rock and soil conditions. 
It comprises mainly plants that are able to resist the harsh 
summer conditions and high evaporating capacity of the hot 
dry air. For this reason they are mainly hardy, resistant 
Table 3 A synopsis of families contributing more than 
10 species 
Family No. of species % of lOlal flora 
Asteraceae 65 16.7 
Liliaceae 52 13.4 
Crassulaceae 25 6.4 
Mesembryanthemaceae 24 6.2 
Poaceae 24 6.2 
lridaceae 22 5.7 
Geraniaceae 14 3.6 
Fabaceae 13 3.3 
Oxalidaceae 13 3.3 
Asdepiadaceae 12 3.1 
Total flora 389 
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Table 4 Braun-Blanquet table showing plant communities 
PLANT COMMUNITIES 
Gr'DUp (.1 
Isctlyrolepis guadichaudiana 
Passerina obtusifolia 
5elago glutinosa 
Dodonea anqustifolia 
Merxmuellera arundinacea 
Group B 
Elytropappus rhinocerotis 
Eriocephalu5 a·fricanus 
Tt'lesillm subrludum 
Ficinia ramosissima 
Lightfootia tenella 
Euryops linifolius 
Anthospermllm aettliopicum 
Helichrysum rOSIJffi var . rosum 
Gr-"OUP C 
Felicia filifDlia subsp. ~"E.chaE-~+ey"i 
Seneei a junceuf~ 
Relhania genistifolia 
Relhania squarrosa 
Sphalmarlthus vigilans 
Indigofora tleterophyll a 
Cinerari a lobata 
Zygophyllum flexuDsuni 
Cheilanthes capensis 
Eucl ec!-l. undul ata 
Ci5SBlnpelos capensis 
Galenia <;.:,ecunda 
Protasparagus burchelli 
Rhus inc i ~.:.a. 
Lycium 'ferocissinlum 
Group E 
F'teroni c":\ 1 ncanc-:\ 
Euphorbia bIJrmal,r,ii 
Tylecodon paniculatlJ s 
Euphorbia malJritarlica 
Helichrysum asperLlm var. dSperlJm 
Galenia africana 
Aridaria bijliae 
Oncosiphon pilulifer'um 
Delosperma pageanum 
Group F 
Pter"onia paniculata 
F.:uschi ~\ carol i 
Drosanthemum speciosum 
Crassula cotyledonis 
Crassula tetragcna 5ubsp. 
DrosanthemLlm striatum 
Haworthia punlila 
Crassula muscosa 
Group G 
Tetragonia sarcoptlylla 
Crassula subaphylla v al" . 
Aloe microstigma 
Crassula rupestris 
Cotyledon orbiculata 
Sarcostemma viminale 
Drosanthemum thudictlumii 
Infrequent species: 
tet.r-agClna 
subd.ph y ll a 
32144564 553277 ! 52 
171()9074 8630329(:) 19367 
:.3c; ·1 ~S5,'. 
:3~:' ::: A 4 :3 -+ 
1+1+1111 + 
.. 
4 :::. ~j 1 
11 :I 
1.1. 
1+ :3 111, 
+ .. '.. 1+ .... Ir 
·t t '::';; -+ +1 
1 :,; , 1 ,;, 
q:l 1 1'; 
1 1 + 11 
1 
111 + 
1'" .1 1. ~::'~j + 
:::::1 ":;;5++·1 :~:;..,.. + 
: .1:1 :o;:"; :q :', 1 :', 
::'311 -4<;2+ 
, 
+ 1 +1 
1 ..... 
+ .. 1-+ 
11 
4 7 
51166133 21554231 1 24467661 136 55434326 36 124536422 
~3459565 467 432894251388161812040 32671082 948767923235 
++ .-\-. ::,1. II'" .1 
+4+5 ::;; ::~;5 4 
+ 1 1 3 
b 
II 
r'+ 
+ 
+ 
" 
+.11+ 
3 + 
,.. 
3 
+ ::. 
77766376 
+1111113 
1-+ + +-
.. 
1++11+11 + 
+ 41 
+1 +.1 3 ++ 
'''' 
+ 1 
+ 
d 
+ 
+ 
1.1 13 ~ 413134 3576555555331+135143113+ + .~ + 0 334~'111111 
++-+ 
+. 
+ 
r'1 13++1 
1 :; 
+ 
+1 
+ 
1 • I 11:11 ~ 1:13 111 111:11133 33631311111 +11+1+11 - 1313 11 
11+1 35 3 1 11644553 111+411+ 5 1+ r+ 
+ 111 11 + :~:~ ~:. +3 4~5~3~::;~,:::;:311 +:~~ j + 1 + 1 1 + 1,1 ~3~3 +++3 
+ + 1 1 1+ 1 1 3 1 
3 1451 33+13 41 ++1 31 lrrl 
:'. :)1 ".' 1 :3', :'; 11 4,.. 1 
" 1 + 1 1 
++ 13 65555 6 5364331 31 
13 53455 4443133 33 
3 4 ~ ++ 311 31 31 
+ 11 :2 + 11 1 :c' 11 
1 + 
14.3 5 
l:l 
++ 
+ +111 
++ _~.::.' ,,-1 :c+.j..O+:.....::+'-IL-::c+_+1'--_L'-_-l 
1+ ~ 1 + 3 1 
+ .1 +1 
+ 
+1 
1 1 1 
~+++ 
:1:1 +1 
+ 
,.. 
+ 1+ 
+ 1 1 
+ 
+1 1++1 
:3 1 
r ++ 1 1,1 
.. ::' 
" 
+.1 + + 
11 +1+11+ 
++ 3+ + 3 11 1 11+3 
+r 11:~+ +1 
~'; 41 ~:i+ 6 
1 1 11 
11 +1 
+1 
+ +1 
1111111 
1~3+1+1+ 14343++33431 
113+311 33+144311233 
1 +1+1 +1 1 1+ 
113 ,., 11 
11 11 1 
AdrCRischus maculatui 4bl+; Anacampseroi teJephiastrum 27/r; Aspalathus lactea 9ubsp. brevi leba 50/ t ; Caralluma .a •• il1aris 
55/'1 Crassula tD •• ntD" var. tQ"entDsa 66/+,6/+; DrDsanthemum hispidum 13/1, 63/1, 42111 D. thudichuli 72/31 Galiul 
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Asteraceae or succulent forms with water-retaining capacities 
of the Mesembryanthemaceae, Aizoaceae and Crassulaceae. 
Annuals and geophytes survive by dying back under stress 
conditions and are found extensively following autumn and 
winter rains. 
The vegetation is found in two basic strata, the upper 
(0.5-1.5 m) of which is composed mainly of perennial 
chamaephytes. Most species are evergreen and so have a 
permanently reduced leaf surface area to reduce transpiration 
by having tiny leaves (0.5 mm2) e.g. Elytropappus rhinocero-
tis, or thin long rolled leaves e.g. Pteronia paniculata. Where 
leaves are very much reduced or completely absent, there are 
photosynthetic stems, e.g. Euphorbia mauritanica. This 
stratum forms the bulk of the canopy (40%) and determines 
the abundance of the lower layer. 
The lower stratum is seldom taller than 0.5 m and is 
composed mainly of succulent chamaephytes, annuals and 
geophytes. It forms 25% of the cover, but is denser after 
winter rains. Most of the species having larger leaves lose 
them under summer water stress. The main families are 
Crassulaceae, Aizoaceae and Mesembryanthemaceae which 
have fleshy succulent leaves, and geophytes of the Liliaceae. 
Poaceae tend to be scarce except just after rains when a moss 
and fern layer may also be present in some areas . 
Where a tree layer is present it is in the form of single 
scattered trees or clumps with a very high canopy cover (up 
to 90%), in which case the lower strata are sparse or absent. 
Plant communities 
It was found that seven different plant communities could be 
recognized. They were: 
1. Passerina obtusifolia - Ischyrolepis gaudichaudiana -
sparse shrubland 
2. Elytropappus rhinocerotis- dense shrubland 
3. Senecio junceus - dense scrub 
4. Euclea undulata- dwarf thicket 
5. Euphorbia mauritanica - Tylecodon paniculatus- sparse 
succulent shrubland 
6. Pteroniapaniculata- shrubland 
7. Aloe microstigma - Crassula rupestris - sparse succulent 
shrubland 
Community descriptions 
1. Passerina obtusifolia - Ischyrolopsis gaudichaudiana 
sparse shrubland 
This community is found on the very steep to steep south-
west and north-west facing slopes, although it is sometimes 
found on the south facing slopes, and is generally at an 
altitude of between 340 and 395 m. 
The areas are very rocky, composed of bedrock, large 
rocks and shale chips. The soil is mostly in pockets between 
the rocks and ranges from 2 to 12 cm deep. The percentage 
organic matter is variable (from 4% where most litter is 
washed away, to 15% where it has accumulated from upper 
regions). The soil pH is very low, ranging from 3.3 to 4.7. 
The species richness of the vegetation is high, (13 to 29 
taxa per sample). Cover varies considerably, (37% to 80%) 
depending on the percentage rock cover. There are three 
strata, the upper of which ranges from 0.75 to 2.5 m and 
comprises up to 40% of the total cover. This community is 
531 
Figure 3 Passerina obtusifolia - Ischyrolepis guardichau-
diana sparse shrubland. 
characterized by species of group A (Table 4). Passerina 
obtusifolia, Ischyrolepis gaudichaudiana and Dodonea 
angustifolia are the most diagnostic species and have cover-
abundance of up to 25%. Merxmuellera arundinaceae and 
Selago glutinosaare also diagnostic (Table 4). 
The second stratum ranges from 0.25 to 0.75 m and usually 
has cover abundance of under 25%. Relhania squarrosa, 
Feliciafilifolia subsp. schaeferi, Pteronia incana, P. panicu-
lata and Euphorbia burmanni are often present. 
Two fern species Cheilanthes capensis and Pellaea haslala 
are frequent in this community. Annual species such as 
Cineraria lobata are rare whereas geophytes are fairly 
common and include four species of Oxalis, Anomatheca 
fistulosa, Freesia refracta and Othonna amplexifolia mainly 
found in the shade of the shrubs. Lichens are common on the 
rocks and mosses are found in the cracks between the rocks . 
The third stratum is up to 0.25 m high and has a very low 
cover due to the rockyness and shading from the upper layer. 
Crassula sp., Sphalmanthus vigilans, Adromischus filicaulis , 
Drosanthemum speciosum and Ruschia caroli are found here 
(Figure 3). 
2. Elytropappusrhinacerotis- dense shrubland 
This community is found on the very steep south, south-east 
and south-west facing slopes. It is usually found down a spur, 
as opposed to the Euphorbia mauritanica - Tylecodon 
paniculatus community, which is found in the valleys. It is 
found above the Senecio junceus dense scrub over a range of 
from 375 to 470 m. 
The area is very rocky, having bedrock exposed for up to 
50% of the area and shale chips on the surface. The soil is 
very shallow (range 30-80 mm). It is generally a loam or 
clay-loam and has a moderately high organic content (5% to 
17%). The pH is low (4.1 to 5.5). The salinity is generally 
high (x = 468 ohms). 
The species richness of the vegetation is high (15 to 26 
species per sample). The vegetation cover is high, ranging 
from 65% to 85%. There are three strata. The upper ranges 
from 0.7 to 1.75 m and forms a large part of the percentage 
cover. The community is characterized by species of group B 
(Table 4). The main diagnostic species are Elytropappus 
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Figure 4 Elytropappus rhinocerotis dense shrubland. 
rhinocerotis, up to 40% cover, Euryops linifolius. Erioceph-
alus africanus and Anthospermum aethiopicum which cover 
up to 5%. Senecio junceus is also forcibly prominent. 
The second stratum ranges from 0.25 to 0.75 m and has a 
mean cover-abundance of up to 40%. Common species are 
Relhania genistifolia. Light/ootia tenel/a. Relhania squar-
rosa. Selago glutinosa. Drosanthemum speciosum. Pteronia 
incana and H elic hrysum rosum. 
This community is favoured by a good variety of geophyte 
species including Holothrix vil/osa. Massonia depressa. 
Tulbaghia capensis. Pelargonium luteolum and Crassula 
umbel/a. Two fern species Chei/anthes capensis and Mohria 
caffrorum are plentiful. Herbs include Ficinia ramosissima. 
Indigofera heterophylla and Othonna amplexifolia and 
succulents include three species of Crassula and Drosan-
themum speciosum. 
The third stratum is up to 0.25 m in height and usually has 
the barest cover. The main species are Crassula atropur-
purea. Crassula sp. and Ficinia ramosissima, none of which 
have an abundance of more than 5% (Figure 4). 
3. Senecio junceus - dense scrub 
This community is almost exclusive to steep or very steep 
south-facing slopes, but also occurs on south-east or south-
west slopes, associated with scree cover at altitudes from 375 
t0430m. 
The slopes are very rocky, (60%) due to bedrock and shale 
chips on the surface. The soil is shallow, (30-40 mm) and is 
usually a loam or sandy loam. The percentage organic matter 
is generally very low as the leaf litter and debris is washed 
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Figure 5 Senecio junceus dense scrub. 
away due to the gradient of the slope. The soil is acidic (PH 
4.2 to 6.4). 
The vegetation percentage cover is moderate to high, (x = 
66%; range 50% to 80%). The bulk of this is found in the 
upper stratum, which ranges from 0.5 to 1 m in height. The 
lower stratum is up to 0.5 m. The species diversity is high, 
averaging 22 species and ranging from 17 to 26 species, 
which is the highest diversity found in any of the 
communities. 
The community is characterized by the simultaneous 
presence of species from groups C, E and F (Table 4). 
The most abundant species of the upper stratum is Senecio 
junceus, which has a percentage cover of up to 50%. Pteronia 
incana, P. paniculata. Euphorbia mauritanica. E. burmanni. 
Galenia africana. Relhania genistifolia and Felicia filifoUa 
subsp. shaeferi occur in varying cover-abundances of up to 
15%. 
The lower stratum has a cover of up to 30%. The main 
species are Ruschia caroli. Crassula atropurpurea. Adromis-
chus filicaulis. Drosanthemum speciosum, Sphalmanthus 
vigilans. Tetragona sarcophylla. Crassula cotyledonis and 
Aloe microstigma. All these species occur with a cover-
abundance of up to 10% cover. 
No annuals were observed in this community and the cover 
of geophytes and herbs tends to be on the low side. Infrequent 
species include Pelargonium articulatum. P. sulphureum. 
Chama rea capensis. Bulbine tenuifolia and Oxalis zeekoe-
vleyensis. The fern Chei/anthes capensis has a cover 
abundance of about 5% and the moss cover is high. Several 
succulent species occur including Haworthia pumila. 
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Crassula tetragona subsp. tetragona, Delosperma pageanum 
and Adromischusfilicaulis. 
The community contains many elements characteristic of 
the Pteronia paniculata shrubland and Elytropappus 
rhinocerotis dense shrubland. In distribution it is found on the 
mid-slope with Elytropappus rhinocerotis above and Ptero-
nia paniculata below. Within the community there is a slight 
change in species composition between these. This makes the 
Senecio junceus community appear to be a transition, but is 
particularly distinguished by the presence of Senecio junceus 
and its restriction to the south-facing slopes (Figure 5). 
4. Euclea undulata- dwarfthicket 
This community occurs in small patches on steep to very 
steep slopes, or in gulleys, and consists of one or a few 
Euclea undulata-dominatedclumps. 
It is found on north-, west-, south- and east-facing slopes, 
at 340 to 445 m above sea-level. Soil depth ranges from 3 to 
0.15 m but in most cases it is fairly deep. Bedrock is exposed 
(5% to 25%), and shale chips are found on the surface. 
The soil is generally a sand--clay or clay-loam although an 
organic mat of leaf-litter and debris may comprise the top 5 
m. This has a percentage organic matter of up to 57%, 
whereas the soil percentage organic matter is usually under 
18% and may be as low as 10%. This accumulation of 
organic matter may be due to material washing and blowing 
from higher regions, and to leaf and twig litter from the 
Euclea undulata and Rhus incisa. 
The pH is high, (4.7 to 8.1). This is the highest pH found in 
the Garden. The salinity is generally very low, (range 86 to 
959 ohms). The community is characterized by species of 
Group D (Table 4). 
The vegetation is in two strata, the upper 1.5-3 m, the 
lower 0-0.5 m. The total cover is the highest found in any of 
the communities, (70% to 95%). Most of this cover is found 
in the upper canopy formed by the Euclea undulata (up to 
80%). The average species richness is 17, (range 11 to 22). 
Rhus incisa and Lycium oxycarpum may contribute to this 
canopy. Cissampelos capensis is found in all the plots with a 
cover of up to 5%. This is a creeper associated with Euclea 
undulata. Protasparagus burchellii may also be found as a 
creeper in the canopy. Tylecodon paniculatus is found just 
below the upper canopy (cover-abundance up to 5 %). 
The second stratum has a maximum cover of 20% although 
it is often as low as 10%. The main species are Aloe micro-
stigma, Crassula rupestris, Euphorbia burmannii, Galenia 
secunda, Euphorbia mauritanica, Sphalmanthus vigilans and 
Galenia africana. 
Seedlings of many species are common in spring in the 
shade and soft soil under Euclea undulata. Geophytes include 
three species of Oxalis, Cyanella lutea and Anomatheca 
Jistulosa and succulents such as Senecio radicans, S. acaulis 
and Crassula nudicaulis may be seen. The surrounding soil 
has a moss cover and lichens occur on the rocks but 
immediately beneath the Euclea undulata both are excluded 
by the layer of leaf litter. 
There appears to be a definite change from the edges of a 
Euclea undulata patch inwards as shading increases. Around 
the edges, the plants of the lower layer grow normally and are 
more abundant. Towards the centre their growth is stunted 
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Figure 6 Euclea undulata dwarf thicket. 
and many forms show etiolation. Some taxa are excluded 
completely by deep shade (Aloe microstigma and Tylecodon 
paniculatus). These taxa are found around the edge, and dead 
and partially dead plants further in. This suggests that the 
Euclea undulata patches are expanding and the plants 
underneath are dying off as they no longer get adequate 
sunlight (Figure 6) . 
5. Euphorbia mauritanica - Tylecodon paniculatus - sparse 
succulent shrubland 
This community covers a smaller area than community 6, but 
is found scattered throughout the Reserve. It takes two forms, 
the first being in a distinct circular patch of up to 80 m in 
diameter, referred to as 'heuweltjies'. These are found on 
level to steep ground of any aspect. The second occurs on the 
screes, usually in gulleys, on steep south-facing slopes, or in 
valley bottoms. 
The soil is generally deep, more than 0.15 m. Clay or 
sand--clay soils occur in the heuweltjie, whereas on the scree 
the soil may be a clay-loam or loam--clay. There may be a 
few rocks or shale chips, but bedrock is very seldom exposed 
on the scree, whereas the heuweltjie never has bedrock, and 
shale chips, if present, are very small . 
Soil on the scree has a relatively low percentage organic 
matter (::I:: 5.7%), possibly because organic matter is washed 
away before it can accumulate. The salinity is high, (> 1155 
ohms of resistivity), and the pH low, (Table 4). This contrasts 
with the heuweltjie in which the salinity is low and the pH 
much higher. The percentage organic matter is high (x = 
13.1 %) and in some cases the surface 50 mm of soil rna y be 
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considered an organic mat. This may be due to the accumu-
lation of debris washed down or blown down from higher 
areas or due to termite and ant activity. 
The vegetation has two basic strata, the upper from 0.25 m 
to 1.5 m and the lower up to 0.25 m. The total cover varies 
from the patch (x = 60%) to the scree (x = 80%). The species 
richness has a range from the patch (x = 11) to the scree (x = 
18). The community is characterized by the presence of 
species from group E and the absence of species of group D 
and to a lesser extent to G (Table 4). 
The upper strata in both cases is dominated by Pteronia 
incana and Tylecodon paniculatus of varying abundance. The 
heuweltjie has a 5-15% cover of Pteronia incana and a 
15-25% Tylecodon paniculatus cover, whereas the scree 
form has a greater cover-abundance of Pteronia inc ana 
(25-50%) and a lower cover-abundance of Tylecodon 
paniculatus (5-15%). Species with a 1-5% cover are Aloe 
microstigma. Euphorbia burmannii. Galenia africana and 
Euphorbia mauritanica. In the heuweltjie Euphorbia 
mauritanica and Euphorbia burmannii may have an 
abundance of up to 25%. 
The lower layer is very sparse, having a maximum 
abundance of 5%. The main species are Crassula atropur-
purea var. rubella and Oncosiphon piluliferum with Ruschia 
caroli and Crassula subaphylla being less abundant. 
The open spaces in this community are the habitat of 
annual species. Oncosiphon piluliferum is common together 
with various annual grass species and climbers such as 
Phacocapnos cracca and Galium spurium-aparine complex. 
Geophytes tend to be rare and confined to the more rocky 
edges of the community. Numerous seedlings of species such 
as Tylecodon paniculatus may be found. Lichens are absent 
but there may be a moss cover on the soil in open damp 
patches. 
Although these forms, the heuweltjie and the scree, differ 
considerably in their distribution, environmental factors and 
the abundances of species, the actual species found are the 
same so they may be regarded as one distinct community 
(Figure 7). 
Figure 7 Euplwrbia mauritanica - Tylecodon paniculatus 
sparse succulent shrubland. 
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6. Pteronia paniculata- shrubland 
This is the most widespread community covering the greater 
part of the area, particularly on the gentle north and south 
slopes, over the entire altitudinal range. 
The soil is generally very shallow (40-100 mm) with 
bedrock below this and exposed for between 25% and 50% of 
the area. Small shale chips are found covering the soil 
surface. The soil is generally a loam or clay-loam and has 
little surface debris and a low percentage of organic matter, as 
this tends to be washed away. This is due to the relatively 
good drainage due to the slope and the rockiness. The soil 
dries out fairly rapidly due to the long hours of exposure to 
direct sun. The pH ranges from 3.9-4.8 so is strongly acidic. 
The community has two strata; the upper between 0.25 and 
0.5 m, and the lower less than 0.25 m tall. The vegetation 
cover is between 60% and 80% with an average of 65%. The 
species diversity is relatively low, ranging from 14 to 19 
species. This community is characterized by the presence of 
species from group F and the absence of species from group 
A, Band C (Table 4). 
The upper stratum is dominated by Pteronia paniculata 
which usually forms 25% to 50% of the total cover. Other 
species present are Euphorbia burmannii. Senecio junceus. 
Aloe microstigma. Pteronia incana and Felicia filifalia 
subsp. schaeferi which generally occur infrequently, but 
more frequently with increased moisture and soil depth. 
The lower stratum is dominated by Ruschia caroli which 
may form a very dense ground layer and usually covers 
between 19% and 25% of the area. Species which are found 
in the lower layer, such as Crassula atropurpurea. C. 
muscosa. Adromischus filicaulis. Haworthia pumila, 
although numerous, are small and so contribute little to the 
total cover. Drosanthemum speciosum. Sphalmanthus 
vigilans. Drosanthemum lique and Crassula tetragona subsp. 
tetragona also become more abundant with decreased 
exposure and increased soil depth. 
Winter growth is limited to a few geophytes such as 
Anomatheca fistulosa. Ornithogalum hispidum and Oxalis 
convexula mostly found underneath the Pteronia paniculata 
bushes. Lichens are common on the rocky surface of the soil 
but the moss cover is sparse and mainly found under the 
shrubs. 
As this is a very widespread community, it does show 
variation in species composition and abundance of particular 
species with transitions to other communities. This is seen at 
the transition from Pteronia paniculata shrubland to Senecio 
junceus dense scrub where there is slightly more Senecio 
junceus. However the Pteronia paniculata shrublands are 
recognized by the general abundance of Pteronia paniculata 
and Ruschia caroli (Figure 8). 
7. Aloe microstigma - Crassula rupestris - sparse succulent 
shrubland 
This community normally occurs at over 360 m above sea-
level. It is restricted to north, north-east or north-west slopes. 
It is found on the rocky tops of 'koppies' or at a lower altitude 
where a rocky outcrop is exposed. The slope may vary from 
moderate to very steep. The soil is usually very shallow, 
averaging 6 cm, but varies from 2-11 cm. In most cases the 
root cover is high - 25% to 50% - but it varies from very 
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little to 75%. Broken rock fragments of varying sizes are 
often found on the surface and the soil may just be in shallow 
'pockets' in the rock. 
The soil is generally a loam or sandy-loam with a 
moderate percentage of organic matter - between 5.6% and 
9.9%. This is due to the accumulation of debris in rock 
crevices. The soil is acidic, having a pH range of 3.8 to 5.7 
anda mean of 4.7. 
The community is characterized by the presence of species 
of group G and the absence of species of group D (Table 4). 
The vegetation is in two strata, the lower of which extends up 
to 0.25 m and the upper from 0.25 to 1 m. The percentage 
cover varies from 37% to 70%, averaging 57%. This corres-
ponds to the soil depth and the percentage rock cover of the 
area. The species diversity is high, averaging 21 species, and 
ranging from 16 to 27 species. 
The percentage cover of the upper stratum varies 
considerably - from 1 % to 30%. In plots where the rock 
cover is high and the soil shallow, the cover is very low. In 
this case it is almost exclusively Aloe microstigma. Under 
more favourable conditions such species as Pteronia incana, 
Euclea undulata, Euphorbia mauritanica, Euphorbia 
burmanni, Pteronia paniculata and Tylecodon paniculatus 
are found in increasing amounts. 
The lower stratum comprises the main component of the 
cover, with Crassula rupestris up to 25%. Crassula 
atropurpurea var. rubella, Conophytum ficiforme, Drosan-
themum speciosum, Delospermum pageanum and Drosanthe-
mum thudichumii may be present in fairly large amounts. In 
some plots, e.g. No. 64, Sarcostemma viminale is present in 
very high abundance. It may be up to 15% cover and form 
dense mats over the soil, rocks and other vegetation. 
No annuals were observed and geophytes were confined to 
Oxalis pes-caprae and O. convexuala with Kedrostris 
africana climbing through the shrubs. The rocks are covered 
with various lichens but a moss cover is absent. It is 
suggested that the hot, dry slopes where this community is 
found are not conducive to annual or geophyte growth. 
As this community is found on north-facing slopes and 
usually on exposed tops of 'koppies' or rocky outcrops, the 
plants have to tolerate long hours of exposure to direct 
sunlight, causing high temperatures and desiccation due to 
Figure 8 Pteroniapaniculata shrubland. 
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the drying action of the north-west wind, as well as shallow 
soil for rooting. So this community is composed of very 
resistant species and many succulent forms (Figure 9). 
Summary and Discussion 
The Karoo National Botanic Garden Reserve contains a very 
wide variety of habitats and micro-climates in a very limited 
area, due to the variation in soils, altitude, slope etc. (Table 
5). 
The vegetation on the south-facing slopes (e.g. Euphorbia 
mauritanica - Tylecodon paniculatus sparse succulent 
shrubland and Elytropappus rhinocerotis dense shrubland), is 
generally taller, has a higher cover and there is a very dense 
seasonal ground layer of geophytes, annuals, mosses and 
ferns - which also increase the water retention of the soil. 
On the north-facing slopes (e.g. Aloe microstigma- Crassula 
rupestris sparse succulant shrubland and Pteronia paniculata 
shrubland) there is a lower species richness, the vegetation is 
sparser, shorter and there is less seasonal change in the 
ground layer. 
The restriction of communities to particular aspects and the 
transitions between the different communities with aspect are 
very marked. In Figure 2 the transition from Aloe micro-
stigma sparse succulent shrub land to Senecio junceus dense 
scrub occurs along the ridges dividing north-west and south-
west slopes. Euphorbia mauritanica - Tylecodon paniculatus 
sparse succulent shrubland is found in the valleys on the 
south-facing screes where the moisture and shading are 
higher; whereas Elytropappus rhinocerotis dense shrubland 
Figure 9 Aloe microstigma - Crassula rupestris sparse succu-
lent scrub. 
536 
Table 5 Environmental data for the communities 
Community Po Er Pp Sj Em Eu Am 
Topography ms ms ms ms v,ms, p ms ms, S 
Surface rock % 4 3 2,3 3 + 2 3 
Surface rock b b b b, sc sc b, sc b 
Slope vs vs m,s g, m VS, s VS, s 
Aspect SW S,SW S, N S, SE SE N,W N,NW 
Drainage G G G G G G G 
Mean altitude (m) 375 440 364 388 404 390 419 
Veg. % cover 65 75 65 66 67 83.5 57 
Veg. height (m) 2 1.25 0.6 0.9 1.1 12.3 1.0 
Mean soil depth (em) 8 5 7 9 13 17.9 6 
Soil type L L,KL KL L,SL K,SL SK,KL, SL,L 
OM 
Mean % clay 15 28 34 22 37 25 21 
Mean % organic 10 9.3 5.8 5 7 11.3 17.6 
matter 
pH 4.2 4.6 4.3 4.6 6 16.6 4.7 
Species diversity 21 20 16 22 14 17 21 
Where 
ms = midslope, v = valley, p = plain, s = scarp 
5 = 75-100%,4 = 50-75%,3 = 25-50%,2 = 10-25%, I = 1-10%, + = 
rare 
b = bedrock, sc = shale chips 
vs = very steep (26.5-45°), s = steep (16.5-26.5°), m 
(8.5-16.5°), g = gentle (3-8.5) 
G = good 
L = loam, KL = clay-loam, SL = sand-loam, OM = organic mat 
Po = Passerina oblusifolia 
Er = Elylropappus rhinocerolis 
Pp = Pleronia paniculala 
Sj = Senecio junceus 
Em = Euphorbia maurilanica 
Eu = Euclea undulala 
Am = Aloe microsligma 
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is found on the spurs and Passerina obtusifolia - I schyrolepis 
gaudichaudiana sparse shrubland is almost exclusively on 
the south-west slopes. The Euphorbia mauritanica -
Tylecodon paniculatus sparse succulent shrubland patches do 
not appear to be determined by aspect but rather by specific 
patchy soil conditions. 
For the period since 1946 during which this area has been 
ungrazed it appears that the communities have been in an 
equilibrium with only slight expansions and contractions 
occurring under different moisture conditions e.g. Pteronia 
incana expanding out of the valleys under moist conditions 
and retreating under dry conditions. There may be some 
increase in the size of the Euclea undulata patches but the 
chance of these expanding to the extent of becoming 
dominant and the climax for the area (Olivier 1966) seems 
unlikely as they are restricted particularly to sheltered areas. 
In some cases there appears to be a climax of almost entirely 
Mesembryanthemaceae. There does appear to be some 
change in the composition of the Euphorbia mauritanica -
Tylecodon paniculatus sparse succulent shrubland patches 
but there is no particular evidence for the formation of new 
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patches or the time taken for the senescence of patches due to 
the action of Hydnora africana on Euphorbia mauritanica. 
Olivier (1966) suggests that Lebeckia cystisoides comes in 
after a fire. This may explain the lack of this species except 
on the east-facing slopes on the eastern side of the garden 
where there has been a fire since the formation of the Garden. 
There is a low rate of regeneration that can be seen in an 
aerial photograph covering the reserve where there has been 
erosion scarring due to disturbance. In these areas pioneer 
species such as Galenia africana, Oncosiphon piluliferum 
and annuals have started to come in but it will take a long 
time before there is a restored vegetation cover to hold the 
soil. To prevent this, disturbance by trampling, paths etc. 
needs to be reduced as much as possible, particularly on steep 
areas such as on the koppies where the exposure and run-off 
is high. 
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Appendix 1 Checklist of the flora of the Karoo 
National Botanic Garden Reserve. The introduced 
naturalized species are indicated by an asterisk (*). 
Specimens by various collectors are housed at NBG 
(Karoo National Botanic Garden and/or Compton 
Herbarium) 
Pteridophyta 
Adiantaceae 
Cheilanthes capensis (Thunb.) Swartz 
C. contractaMett. ex Kuhn 
Pellaea hastata (LJ.) Link 
Ophioglossaceae 
Ophioplossumnudicaule L.f. 
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Appendix 1 Continued 
Schizaeceae 
M ohria caffrorum (L.) Desv. 
Angiospermae 
Monocotyledonae 
Amary lIidaceae 
Brunsvigiajosephinae (Red.) Ker-Gawl 
Gethyllis villosa L.f. 
Haemanthus coccineus Jacq. 
Nerine cf. pudica Hooker f. 
Cyperaceae 
Ficiniaindica (Lam.) Pfelff. var indica 
F. ramosissimaKunth 
1 solepis cernua 01 ahl) Roem. & Schult. 
1. setacea (L.) R. Br. 
Pycreus polystachyus Beauv. 
Hypoxidaceae 
Empodiumplicatum (Thunb.) Garside 
Spiloxeneflaccida (Nel.) Garside 
S. serrata (Thunb.) Garside 
Iridaceae 
AnomathecaJistulosa (Spreng. ex Klatt) Goldblatt 
Babianapatula N.E. Br. 
F erraria divaricata Sweet ssp. australis De Vos 
FreesiareJracta (facq.) Klatt 
Geissorhizainflexa (de la Roche) Ker-Gawl 
Gladiolus orchidiflorus Andr. 
G. inflatusThunb. subsp. inflatusvar. inflatus 
G. scullyi Bak. 
Gynandriris setifolia (LJ.) Foster 
Hesperantha acuta (Licht. ex Roemer & Schultes) Ker-
Gawl 
H. bachmanniiBak. 
H. radiata (Jacq.) Ker-Gawl 
Hexaglottisvirgata (Jacq.) Sweet 
Homeria miniata (Andr.) Sweet 
Ixia eapillaris L.f. 
Lapeirousia pyramidalis (Lam.) Goldblatt 
M oraea algoensis Goldblatt 
M. gawleri Spreng. 
M. thomasiae Goldblatt 
M . tripetala(L.f.) Ker-Gawl 
M. unguieulataKer-Gawl 
Romulea rosea (L.) Ecklon 
Juncaceae 
funGus exsertus Buchen. 
J uncaginaceae 
Trigloehin bulbosa L. 
Liliaceae 
Albuca altissima Dryand. 
A. eanadensis(L.) Leighton 
A. namaquensis Baker 
Appendix 1 Continued 
A. spiralis L.f. 
A. sp. (Bayer 246) 
A. sp. (Bayer 250) 
A. sp. (Bayer 255) 
A. sp. (perry 515) 
Allium dregeanum Kunth 
Aloe microstigma Salm-Dyck. 
Androcymbiumeucomoides (Jacq.) Willd. 
Bulbine lagopus (Thunb.)N.E. Br. 
B. mesembryanthemoidesHaw. 
B.praemorsa (Jacq.) Roem. & Schult. 
B. tenuifolium Baijnath MS. 
Bulbinella caudajelis (LJ.) Durand & Schinz. 
B. nutans (Thunb.) Durand & Schinz. var. nutans 
B. triguetra(L.f.) Kunth 
Drimia capensis (BurmJ.) Wijnands 
D. eiliarisJacq. 
D. minor (Duthie) Jessop 
Eriospermumcf. eapense (L.) Thunb. 
E.proliferumBak. 
E. pubeseens Jacq. 
E. bayeri P.L.Perry 
Haworthiaherbacea (Mill.) Stearn 
H.pumila(L.) Duv. 
Laehenalia stayneri Barker 
L. sp. nov. (Bayer 214) 
Litanthus pusillus Harv. 
Massoniadepressa Thunb. ex Houtt. 
Myrsiphyllumovatum (Salter) Oberm. 
M. declinatum(L.) Oberm. 
Ornithogalumdubium Houtt. 
O. graminifoliumThunb. 
O. hispidumHornem subsp. hispidum 
O. niveum Ait. 
O. pilosumL.f. sUbsp.pilosum 
O. suaveolens Jacq. 
O. zebrinellumMuller-Doblies 
Protasparagusburchellii (Bak.) Oberm. 
P. eapensis (L.) Oberm. 
P. exsertus Oberm. MS 
P. mucronatus (Jessop) Oberm. 
P. retroJraetus(L.) Oberm. 
S ehizobasis intrieata (Bak.) Bak. 
Tenicroa exuviata (Jacq.) Speta 
TrachyandraJalcata (LJ.) Kunth 
T.flexifolia (LJ.) Kunth 
Tulbaghia eapensis L. 
Urginiapusilla (Jacq.) Bak. 
Orchidaceae 
Corycium orobanehoides(Swartz) Schltr. 
Dispersis bolusiana Schltr. 
Holothrixaspera (Lindl.) Reichb. f. 
H. secunda (Thunb.) Reichb. f. 
H. villosa Lind!. 
Pterygodium volueris (L.f.) Swartz 
Satyrium ereetum Swartz 
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Appendix 1 Continued 
Poaceae (Gramineae) 
*AvenafatuaL. 
Brachypodiumdistachyon(L.) Beauv. 
* Briza maxima L. 
*B. minorL. 
Bromus mollis L. 
*B.pectinatusThunb. 
*B. unioloidesH.B.K. 
Ehrharta delicatula (N ees) Stapf 
E. erecta Lam. 
E. longifloral .E. Sm. 
E. triandraNees ex Trin. 
Eragrostissp. 
HordeummurinumL. 
Karroochloacurva (Nees) Conert & Turpe 
Koeleria capensis (Steud.) Nees 
*Lolium multiflorumLam. 
M erxmuellera arundinacea (Berg.) Conert 
M. stricta (Schrad.) Conert 
Pentaschistis airoides (Nees) Stapf 
P. patula (Nees) Stapf 
* P hal aris minor Retz. 
P lagioc hloa oblitera (Hems I. ) Adamson & Sprague 
* Polypogon monspeiiensis(L.) Desf. 
Schismus barbatus (Loefl. ex L.) Thell. 
*Vulpia bromoides (L.) S.P. Gray 
V. myuros (L.) C.C. Gemel. 
Restionaceae 
I schyrolepis gaudichaudiana (Knuth) Linder 
(=Restio gaudichaudianus Knuth var. luxurians 
Pillans) 
Tecophilaeaceae 
Cyanella lutea L.f. 
Dicotyledonae 
Aizoaceae 
Galenia africana L. 
G. secunda (L.f.) Sond. 
Limeum aethiopicum Burm. 
Pharnaceumelongatum (DC.) Adamson 
Tetragonia echinata Ait. 
T.fruticosa L. 
T. sarcophyliaFenzl 
Anacardiaceae 
Rhus incisa L.f. 
R. undulatalacq. var. undulata 
Apiaceae (Umbelliferae) 
Anginon swellendamense (Ecldon & Zeyher) B.L. 
Burtt 
Arctopus echinatus L. 
Chamarea capensis (Thunb.) Eeld. & Zeyh. 
Ciclospermum leptophyllum (pers.) Sprague 
Lichtensteinia beiliana Eekl. & Zeyh. 
Peucedanum sp. (perry 63) 
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T orilis arvensis (Huds.) Links 
Apocynaeeae 
Carissa haematocarpa (Eekl.) A. DC. 
Asclepiadaceae 
Astephanus triflorus (L.f.) Schultes 
Caraliumamammillaris(L.) N.E. Br. 
Ceropegia africanaR Br. 
e. connivens RA. Dyer 
e. occulta RA. Dyer 
Duvalia caespitosa (Mass.) Haw. 
Fockea comaru (E. Mey.) N.E. Br. 
MicrolomasagittatumR Br. 
Orbea variegate (L.) Haw. 
Sarcostemma viminale R Br. 
Stapeliopsis breviloba (R.A. Dyer) Bruyns 
S. saxatilis(N.E. Br.) Bruyns subsp. saxatilis 
Asteraceae (Compositae) 
Arctotheca calendula (L.) Levyns 
Athanasia trifurcata L. 
Berkheya rigida (Thunb.) Bolus & Wolley Dod ex 
Adamson & Salter 
Casta lis nudicaulis (L.) T. Norl. 
Chrysocoma ciliataL. 
e. coma-aurea L. 
Cineraria lobata L'Herit. 
Cotula sp. (Dobay 38) 
Cymbopappusadenosolen (Harv.) B. Nord. 
Elytropappusgnaphaloides(L.) Levyns 
E. rhinocerotis(LJ.) Less. 
Eriocephalusafricanus Linn. 
E. ericoides (LJ.) Druce 
Euryops linifolius(L.) De. 
E. rehmaniiCompton 
Felicia denticulataGrau. 
F. filifolia (Vent.) Burtt. Davy subsp. schaeferi (Dinter) 
Grau 
Gazania krebsiana Less. subsp. arctotoides (Less.) 
Roessler 
Helichrysum asperum (Thunb.) Hilliard & Burtt var. 
asperum 
H. hebelepisDC. 
H. revolutum (Thunb.) Less. 
H. rosum (Berg.) Less. var. rosum 
H. rutilans(L.) D. Don 
Heterolepis aliena (L.f.) Druce 
Hirpicium integrifolium (Thunb.) Less. 
*LatucaserriolaL. 
Leyseragnaphalodes(L.) L. 
Oncosiphonpiluliferum(L.f.) Kallersjo 
Osteospermum calendulaceum L.f. 
O. clandestinum(Less.) T. Nod. 
O. scariosumDe. var. integrifoliumNorl. 
O. sinuatum (DC.) T. Norl. 
Othonna amplenfolia DC. 
O. arbuscula(Thunb.) Seh. Bip. 
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O. gymnodiscus DC. 
O. ramulosaDC. 
O. retrofractaJacq. 
Pentziacf. incana (Thunb.) O. Kuntze 
* Picris echioides L. 
Pseudognaphaliumundulatum (L.) Hilliard & Burtt 
Pteroniafastigiata Thunb. 
P. incana (Bunn.) DC. 
P. paniculata Thunb. 
Relhania genistifolia (L.) L'Herit. 
R. sessiliflora (LJ.) Thunb. 
R. squarrosa(L.) L'Herit. 
Senecio acaulis (L.f.) Sch. Bip. 
S. angustifoliusWilld. 
S. arenariusThunb. 
S. burchelliiDC. 
S. cardaminifoliusDC. 
S. corymbiferusDC. 
S. crassulifoliaDC. 
S. erosusL.f. 
S.junceusHarv. 
S. paniculatus Berg. 
S. pinnulatusThunb. 
S. pubigerus L. 
S. radicans(L.f.) Sch. Bip. 
S. rosmarinifoliusL.f. 
Troglophytonparvulum (Harv.) Hilliard & Burtt. 
U rsinia anthemoides (L.) Poir. subsp. anthemoides. 
U. pilifera (Berg.) Poir. 
Vellereophytondealbatum (Thunb.) Hilliard & Burtt. 
Boraginaceae 
Lobostemonechioides Lehm. 
Brassicaceae (Cruciferae) 
Heliophila carnosa (Thunb.) Steud. 
H. cornuta Sond. var. squamata (Schltr.) Marais 
H. pendula Willd. 
Lepidium africanum (Brum. f.) DC. 
Sisymbrium thellungii O.E. Schulz 
Campanulaceae 
Light/ootia tene/la Lodd. 
Wahlenbergiaobovata Brehmer 
Caryophyllaceae 
Cerastium capense Sond. 
Silene burchelliiOtth. ex DC. 
S. capensisOtth. 
*Spergulariamedia (L.) C. Pres!. 
*Stellariamedia (L.) ViII. 
Celastraceae 
Maytenusoleoides(Lam.) Loes. 
Chenopodiaceae 
* Atriplex semibaccata R Br. 
* Chenopodium album L. 
Appendix 1 Continued 
*c. murale L. 
M anochlamys albicans (A it.) Aellen 
*Maireanabrevifolia(R.Br.) P.G. Wilson 
Salsolaglabrescens Burtt Davy 
*S. kaliL. 
Crassulaceae 
Adromischusfilicaulis(EckI. & Zeyh.) C.A. Smith 
A. maculatus(Salm-Dyck) Lem. 
Cotyledon orbiculata L. 
Crassula arborescens (Mill.) Willd. 
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C. atropurpurea (Haw.) D. Dietr. var. rubella 
(Compton) Toelken 
C. campestris(Eckl . & Zeyh.) EndI. ex Walp. 
C. capitelia Thunb. subsp. thyrsiflora (Thunb.) Toelken 
C. cotyledonisThunb. 
C. expansa Dryand 
C. muscosa L. 
C. nudicaulisL. var. nudicaulis 
C. nudicaulis L. var. platyphylla (Harv.) Toelken 
C. oblanceolataSchonI. & Bak. 
C. pageae Toelken 
C. pubescens Thunb. subsp. pubescens 
C. rupestrisThunb. 
C. saxifragaHarv. 
C. strigosa L. 
C. subaphylla(Ecki. & Zeyh.) Harv. var. subaphylla 
C. subulata L. 
C. tetragonaL. subsp. tetragona 
C. tomentosa Thunb. var. tomentosa 
C. umbellaJacq. 
Tylecodon paniculatus(L.f.) Toelken 
T. ventricosus(BurmJ.) Toelken 
Cucurbitaceae 
Kedrostis africana (L.) Cogn. 
Ebenaceae 
Diospyrosglabra (L.) de Winter 
Euclea undulata Thunb. var. undulata 
Euphorbiaceae 
Euphorbia arceuthobioides Boiss. 
E. burmanniiE. Mey. ex Boiss. 
E. mauritanicaL. 
E . nesemanniiRA. Dyer 
Fabaceae (Leguminosae) 
Aspalathus ciliaris L. 
A.lactea Thunb. subsp. brevilobaR Dahlgr. 
A. nigraL. 
A. spinosaL. 
Indigofera heterophylla Thunb. 
Lebeckia cytisoidesThunb. 
Lotononis serpens (E.Mey.) R. Dahlgr. 
Otholobiumcandicans(Eckl. & Zeyh.) C.H. Stirton 
P odalyria cuneifolia Vent. 
Sutherlandiafrutescens(L.) R Br. 
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*Vicia atropurpureaDesf. 
*v. sativaL. 
WiborgiatenuifoliaE. Mey. 
Fumariaceae 
Cysticapnosvesicarius(L.) Fedde 
* Fumaria muralis Sond. (= Fumaria officinalis L.) 
Phacocapnos cracca (Cham. & Schltd.) Bernh. 
Gentianaceae 
Sebaea exacoides (L.) Schinz 
Beraniaceae 
*Erodiummoschatum(L.) L'Her. 
Pelargonium abrotanifolium (L.f.) Jacq. 
P. alternans Wendl. 
P. anethifolium(Eckl. & Zeyh.) Harv. 
P. articulatum(Cav.) Willd. 
P. carnosum (L.) Ait. 
P. hermannifolium(Berg.) Jacq. 
P. karooicum Compton & P. Barnes 
P. lobatum Willd. 
P. luteolum N.E. Br. 
P. pulcherrimum Leighton 
P. rapaceumJacq. 
P. sulphureumR. Knuth 
P. trijidum (Burm.f.) Jacq. 
Hydnoraceae 
Hydnora africana Thunb. 
Illecebraceae 
Pollichia campestris Aiton 
Lamiaceae 
B a llo ta africana (L.) Benth. 
Lobeliaceae 
Cyphia digitata (Thunb.) Willd. 
Loranthaceae 
Moguinellarubra (Spreng. f.) Balle 
Malvaceae 
Anisodontea elegans (Cav.) Bates 
A.fruticosa (Berg.) Bates 
Menispermaceae 
Cissampelos capensis L.f. [= Antizoma capensis (LJ.) 
DieIs] 
Mesembryanthemaceae 
Antimima sp. (perry 3602) 
Aridaria bijliae L. Bol. 
Conophytumficiforme (Haw.) N.E. Br. 
Delospermapageanum (L. Bol.) L. Bol. 
D. subincanum(Haw.) Schwant. 
Drosanthemumfloribundum (Haw.) Schwant. 
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D. hispidum(L.) Schwant. 
D. ligue (N.E. Br.) Schwant. 
D. micans(L.) Schwant. 
D. parvifolium(Haw.) Schwant. 
D. speciosum(Haw.) Schwant. 
D. striatum (Haw.) Schwant. 
D. thudichumiiL. Bol. 
D. tuberculiferumL. Bol. 
Lampranthuscaespitosus (L. Bol.) N.E. Br. 
L. haworthii (Don) N.E. Br. 
'Mesembryanthemum magniflorum (Eckl. & Zeyh.) L. 
Bol. 
Prenia pallens (Ait) N .E. Br. 
Psilocaulon simile (Sond.) N.E. Br. [= Psilocaulon 
mentiens(Berg.) N.E. Br.] 
P. utile L. Bol. 
Ruschia caroli (L. Bol.) Schwant. 
R. multiflora (Haw.) Schwant. 
Sphalmanthuscanaliculatus(Haw.) N.E. Br. 
S. vigilans(L. Bol.)L. Bol. 
Montiniaceae 
M ontinia caryophyllacea Thunb. 
Onagraceae 
EpilobiumtetragonumL. subsp. tetragonum 
Oxalidaceae 
Oxalis ciliaris Jacq. 
O. convexulaJacq. 
O.depressaEckl. & Zeyh. 
O. ecklonianaPresl. 
o .fergusonae Salter 
O. heterophyliaDC. 
O. leptogrammaSalter 
O, lindavianaSchltr. 
O.obtusaJacq. 
O. pres-caprae L. 
O. purpurea L. 
O. viscidulaSchltr. 
O. zeyheri Sond. 
Plantaginaceae 
*Plantago cafra Decne 
Polysalaceae 
Muraltia heisteria (L.) DC. 
M. macrocarpaEckl. & Zeyh. 
Polygala affinis DC. 
Polygonaceae 
* Acetosella vulgaris (Koch.) Fourr. 
*Polygonumaviculare L. 
Portulacaceae 
Anacampseros telephiastrumDC. 
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Primulaceae 
Anagallis arvensis L. 
Rhamnaceae 
Phylica rogersii Pillans 
Rubiaceae 
AnthospermumaethiopicumL. 
Galium tomentosum Thunb. 
G. spurium-aparinecomplex (Barker 5916) 
Santalaceae 
Thesium subnudum Sond. 
T. cf. pycnathum Schltr. 
Sapindaceae 
Dodonaea angustifolia L.f. 
Schrophulariaceae 
Diascia parviflora Benth. 
H emimeris gracilis Schlechter 
H. racemosa (Routt.) Merrill 
Hyobanche sanguinea L. 
Nemesiapageae L. Bol. 
Sutera linifolia (Thunb.) O. Kuntze var. glabrata 
(Benth.) Overkott 
S. tristis (L.f.) Riem. 
Appendix 1 Continued 
Selaginaceae 
H ebenstretia integrifoliaL. 
Selago glutinosaE. Mey. 
Solanaceae 
LyciumferocissimumMiers. 
L. oxycarpum Dun. 
Solanum coccineum lacq. 
S. nigrumL. 
Sterculiaceae 
HermanniaalnifoliaL. 
H. cuneifolialacq. 
H. multifloralacq. 
Thymelaeaceae 
P asserina obtusifolia Thoda y 
Viscaceae 
Viscum capense L.f. 
V. pauciflorumL.f. 
v. rotundifoliumLf 
Zygophyllaceae 
ZygophyllumJlexuosumEckl. & Zeyh. 
Z. cf. sessilifoliumL. 
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